ZOOLOGIA 28 (2): 151-164, April, 2011 ploited areas (PITCHER & HART 1982 , RICKLEFS & MILLER 2000 , DAY-TON et al. 2002 . In the last decades, the composition, diversity and spatiotemporal variations of ichthyofauna have been the focus of a number of studies along the Brazilian coast (COELHO et al. 1986 , PAIVA-FILHO & SCHMIEGELOW 1986 , RUFFINO & CASTELLO 1992 , SANTOS et al. 1998 , SANTOS 2000 , TISCHER & SANTOS 2001 , GRAÇA LOPES et al. 2002 , BRANCO & VERANI 2006a , b, GOMES & CHAVES 2006 , SCHWARZ JR et al. 2007 ), but only a few studies have compared among fishing grounds (CHAVES et al. 2003 , SOUZA et al. 2008 .
With a 531 km shoreline spanning 337 localities where artisanal fisheries and 17 fishermen communities occur, the state of Santa Catarina is the greatest producer of seabob shrimp, Xiphopenaeus kroyeri Heller, 1862, of the southern region (PROZEE 2006) . This activity represents an important socioeconomic contribution to the north-central coast, especially in the municipalities of Penha and Balneário Barra do Sul, which are approximately 35 km from each other.
Therefore, due to the socioeconomic and ecological relevance of shrimp trawling, this study aimed to qualitatively and quantitatively assess the spatial and temporal variations in the fish community captured as accompanying fauna in seabob shrimp fishery at two important fishing areas of the Santa Catarina coast.
MATERIAL AND METHODS
Collections were conducted monthly from March 2007 to February 2008 in the Balneário Barra do Sul region (municipalities of Balneário Barra do Sul and São Francisco do Sul, 26º23'-26º28'S and 48º30'-48º35'W) and in the Armação do Itapocoroy region (municipality of Penha, 26º40'-26º47'S and 48º36'-48º38'W) (Fig. 1) . Balneário Barra do Sul and Penha are located on the north central coast of the state of Santa Catarina, a region characterized by a mesothermal humid cli- mate, and rainfall and average annual temperature of 1,690 mm and 20.2ºC, respectively (ARAÚJO et al. 2006b ). Close to the coastal region, predominate the Coastal Water mass which has salinity below 34 and temperature ranging from 19 to 28ºC in winter and summer, respectively (SCHETTINI et al. 1999) . For the majority of the year, winds are predominantly from the northeast, changing periodically to southerly winds with advances of the polar frontal systems, which are more frequent and intense in winter (SCHETTINI et al. 1999 , ARAÚJO et al. 2006b ). The fishing grounds are composed predominantly of sandy facies varying from very fine to medium sand (CORRÊA et al. 1996 , ABREU et al. 2006 , but considerably wide layers of fine sediments (silt and clay) also occur parallel to the coast (HORN FILHO 2003) .
Each month in the morning, we conducted three fishing hauls (samples) at each of the two regions mentioned above. Sampling took place at the traditional seabob shrimp fishing areas, for one hour, at depths ranging from 5 to 25 m. In each region, three fishing hauls (samples) were performed in the traditional seabob shrimp fishing areas for one hour each during the morning period, at depths from 5 to 25 m. Although it is mentioned in the literature that depth can influence species composition (CHAVES et al. 2003 , SOUZA et al. 2008 , no differences were observed in the assemblies caught between 5 and 25 meters in previous studies conducted in the Penha region (BAIL & BRANCO 2003 , BRANCO & VERANI 2006a ; therefore, we adopted trawls among these isobaths to compose representative samples of the regions. A double-rig shrimp vessel equipped with two bottom trawls with 3 cm mesh in the sleeve and 2 cm mesh in the trawl bag, was used for trawling, conducted at an average speed of two knots (BRANCO 2005) . The contents of the nets were packed in plastic bags, tagged and kept in a styrofoam cold box with ice. Fish were identified at the species level (FIGUEIREDO 1977 , 1980 , SOARES 1978 , FIGUEIREDO & MENEZES 1978 , MENEZES & FIGUEIREDO 1980 , 1985 , and the abundance of each species was recorded.
Each species was classified into one of three categories according to its frequency of occurrence in samples, as follows: constant (present in samples between 9 to 12 months), accessory (6 to 8 months) or incidental (1 to 5 months) .
For characterization of the fish assemblages, sample-based rarefaction curves scaled to the number of individuals (COLWELL et al. 2004) were constructed and the Shannon diversity (H') index, Pielou equitability (J') index (MAGURRAN 2004) and CPUE (fish per hour) were calculated. These indices and CPUE were evaluated for normality by a Kolmogorov-Smirnov test and for homogeneity of variances by the Bartlett test and monthly compared between Balneário Barra do Sul and Penha through a bifactorial analysis of variance (ANOVA) at a significance level of 0.05 (ZAR, 1996 , UNDERWOOD 1997 . The CPUE data were fourth root-transformed to meet the assumptions of analysis. When an interaction effect was significant, Tukey's test was performed at a significance level of 0.05 (ZAR 1996) . Concomitantly, the Berger-Parker index (d) was used to measure the temporal dominance in each region (MAGURRAN 2004) .
To visualize similarity patterns between samples, nonmetric Multidimensional Scaling (nMDS) of similarities was carried out using a proximity analysis (CLARKE & WARWICK 1994) where the Bray-Curtis index was applied to the abundance matrix transformed by the fourth root. From this analysis, a conformity index (Stress) was obtained, determining the degree of proximity of the graphic representation and of real data. Stress values under 0.20 allow for the potential use of two MDS dimensions. However, values above the limit of this interval reduce confidence in interpreting the details of the graphic representation, suggesting superposition of clusters as a supplement to the analysis (CLARKE & WARWICK 1994) . The superposition of clusters, calculated from the Bray-Curtis similarity index and grouped by the UPGMA method, was used at the cut-off level of 60% as an alternative to confirm the proximity patterns of samples.
A space-time differences hypothesis of the ichthyofaunal structure was tested through a non-parametric multivariate analysis of variance (PERMANOVA) at a 0.05 significance level (ANDERSON 2001 (ANDERSON , 2005 . For this purpose, the design consisted of two orthogonal factors, "Sites" (two levels, random) and "Months" (twelve levels, random and crossed with Sites), as well as the interaction between them. In this analysis, the BrayCurtis index was calculated from the ichthyofauna abundance matrix transformed by the fourth root for the purpose of increasing the relative contribution of rare species (CLARKE et al. 2006) . For all tests, a subset of 9,999 permutations was used. When statistical differences were observed, an a posteriori pairwise multivariate t-test was applied (ANDERSON 2005) . The specific contribution of each fish species to the monthly dissimilarity between sites was evaluated by the Similarity Percentage test (SIMPER) (CLARKE & WARWICK 1994) .
RESULTS
A total of 21,482 fish were collected in Balneário Barra do Sul (BS) belonging to 46 species, 40 genera and 21 families, whereas in Penha (P), 17,126 specimens were collected belonging to 43 species, 38 genera and 24 families (Tab. I). A total of 38,608 fish were sampled belonging to 54 species, of which 35 were common to the two regions.
Sciaenidae, Trichiuridae, Carangidae and Pristigasteridae represented 91.06% of the abundance in the collections in Balneário Barra do Sul (Fig. 2) , and 93.36% in Penha (Fig. 3) . The number of different species collected was greatest within Sciaenidae (13 spp. in BS and 11 in P) followed by Carangidae (5 spp. in BS and 4 in P) and Tetraodontidae (3 spp. in each site).
According to the categories of occurrence, the species that were considered constant were also more abundant (86% in BS and 64% in P), with the occurrence of nine species in Balneário Barra do Sul belonging to the Sciaenidae, Pristigasteridae, Total of Accessory species 7 9
Total of Constant species 9 7
Shannon Diversity index (H') 1.53 ± 0. Carangidae and Trichiuridae families and seven species in Penha belonging to the Sciaenidae, Pristigasteridae, Carangidae and Synoglossidae families (Tab. I). Approximately 60% of the species collected (30 spp. in BS and 27 spp. in P) were classified as incidental, and represented the lowest contributions to the total number of specimens. In the accessory category, seven species were present in Balneário Barra do Sul and nine in Penha (Tab. I), representing 5 and 30% of the species abundance, respectively. The multivariate analysis (PERMANOVA) of the ichthyofaunal structure showed significant differences between sites and months, and a significant interaction between these factors, indicating that the temporal variation was distinct between Balneário Barra do Sul and Penha (Tab. II). The a posteriori pair-wise test showed that the species composition and abundance of individuals differed significantly in March 2007, and January and February 2008. (0.17) , enabled the classification of the data into three groups: group I consisted of samples collected in Balneário Barra do Sul and Penha, and was defined based on the high relative abundance values of Isopisthus parvipinnis (Cuvier, 1830), Pellona harroweri (Fowler, 1917) , Selene setapinnis (Mitchill, 1815), Stellifer rastrifer (Jordan, 1889), Stellifer brasiliensis (Schultz, 1945) and Trichiurus lepturus (Linnaeus, 1758), and moderate relative The dispersion pattern of samples in the nMDS plot showed the spatiotemporal dependence of ichthyofaunal structure (Fig. 4) and, despite the stress value being moderately high Tab. III. Across the entire sampling period, the average dissimilarity between sites varied from 61.36% (November) to 93.23% (March), with three to seven species contributing over 80% of the differences in the structure of the assemblages. The analysis indicated a larger contribution of scianids, in which the same species occupied different ranks. The monthly fluctuation of CPUE differed between Sites, as is evident by the significant interaction of factors in ANOVA (Tab. IV), in which the contrast of means by Tukey's test attributed these differences to the months of May, October and December 2007 (Fig. 5) . In Balneário Barra do Sul the high incidence of S. rastrifer and S. brasiliensis in samples contributed to the differences observed in May (83.2% of capture) and October (67.2%), whereas in December, P. brasiliensis, S. brasiliensis and C. bleekerianus were responsible (75.9%) for the higher CPUE in Penha.
tion from the interaction between factors had a significant effect on the monthly fluctuation pattern between the Sites, in particular in August, September and November 2007, and January and February 2008, with H' ranging from 0.74 to 1.98 (Fig.  7) . The lowest average H', which was observed in the month of February in Balneário Barra do Sul, was due to the dominance of I. parvipinis, whereas in Penha, the low number of species and the high abundance of P. brasiliensis contributed to the pronounced differences that were calculated for August, September and November, and S. rastrifer influenced the low average H' observed in January (Fig. 7) .
The equitability index (J') fluctuated from moderate to high, with values between 0.51 and 0.83 in Balneário Barra do Sul and between 0.40 and 0.78 in Penha (Fig. 8) . Although the averages were statistically similar for the Sites and Months factors, the variance analysis showed a space-time dependence, in which the distribution of the species caught differed significantly between the fishing regions in November 2007 and February 2008 (Tab. IV and Fig. 8 ). Comparing the rarefaction curves, the expected species richness was slightly higher in Balneário Barra do Sul (above 500 individuals), however, this difference was not significant due to an overlap of confidence intervals (Fig. 6) . The Shannon diversity index (H') showed a significant interaction between space and time scales (Tab. IV). The resulting varia- (Fig. 9) .
shrimp trawl fishing is not very selective, and results in the collection of a great diversity of accompanying organisms (ALVERSON et al. 1994 , BAKUN et al. 2005 , KELLEHER 2005 , GILLETT 2008 .
However, the consistently low selectivity of this bottom trawl gear does not result in similar composition and abundance of the fish that are caught in different fishing areas, and disparities in the number of species present in shrimp fisheries are frequent in the literature (COELHO et al. 1986 , PAIVA-FILHO & SCHMIEGELOW 1986 , RUFFINO & CASTELLO 1992 , CHAVES et al. 2003 , GOMES & CHAVES 2006 , SANTOS et al. 2008 .
The high number of incidental species showed the frequent displacement in the study areas where their occurrence was associated with low abundance. Although species richness in our samples was high, nine and seven species were numerically dominant in Balneário Barra do Sul and Penha, respectively, which is a common characteristic observed in demersal fish associations (ANSARI et al. 1995 , CHAVES et al. 2003 , BRANCO & VERANI 2006a .
Sciaenidae is among the world's most economically important fish families, representing up to 54 species in the coastal and estuarine waters of the Brazilian shoreline (MENEZES et al. 2003 , NELSON 2006 . The fishes in this family are commonly found in shallow continental shelf over sand or mud substrates (MENEZES & FIGUEIREDO 1980) , and most are demersal and dominate the accompanying fauna in artisanal seabob shrimp fisheries (COELHO et al. 1986 , PAIVA-FILHO & SCHMIEGELOW 1986 , GIANNINI & PAIVA-FILHO 1990 , RUFFINO & CASTELLO 1992 , SANTOS et al. 1998 , HOSTIM-SILVA et al. 2002 , CHAVES et al. 2003 , VIANNA & ALMEIDA 2005 , BRANCO & VERANI 2006a , b, GOMES & CHAVES 2006 , SCHWARZ JR et al. 2007 , SOUZA et al. 2008 . In southeastern and southern regions, the most abundant species captured as accompanying fauna are P. brasiliensis, C. gracilicirrhus, Micropogonias furnieri (Desmarest, 1823 ), M. americanus, L. breviceps, S. brasiliensis, S. rastrifer, Cynoscion jamaicensis (Vaillant & Bocourt, 1883 and I. parvipinnis (COELHO et al. 1986 , PAIVA-FILHO & SCHMIEGELOW 1986 , MUTO et al. 2000 , BRANCO & VERANI 2006a , b, SCHWARZ JR et al. 2007 , SOUZA et al. 2008 . Therefore, as observed along the Brazilian coast, this family, represented by 13 species and accounting for over 60% of the total abundance, was predominant in terms of number of species and abundance in the Balneário Barra do Sul and Penha regions.
Studies on the impacts of trawl fisheries on benthic and demersal communities suggest that the community structure and functioning can vary on different temporal and spatial scales (GILLETT 2008 , HOUGUES & SWAIN 2008 . The results of PERMANOVA showed a significant spatiotemporal dependence, indicating that the interaction between the factors was expressively influenced by the community dynamics, in which fluctuations in the composition and abundance might not be explained by a single source of variation.
The similarity analysis demonstrated that, in March 2007, the ichthyofaunal composition differed between sites (93.23% 
DISCUSSION
The amount of collected fish in Balneário Barra do Sul and Penha reinforce the observation made in several previous studies that, despite its efficiency in capturing target species, (MUTO et al. 2000) . Depth, temperature, salinity and nature of the bottom sediments have been cited as the most important abiotic factors influencing the structure of soft bottom fish communities (PIRES-VANIN et al. 1993 , GIANNINI & PAIVA-FILHO 1995 , LOWE-MCCONNELL 1999 , BARLETTA et al. 2005 . SCHWARZ JR. et al. 2007 ). According to the water temperature affected the abundance of demersal bony fish on the Rio Grande shelf (southern Brazil), while species composition was associated with depth. For MUTO et al. (2000) the spatial organization exhibited by the ichthyofauna along a depth gradient in the São Sebastião system (southeastern Brazil) were closely related to the distribution of the water masses which are characterized by different combinations of salinities and temperatures. Even so, it is believed that the type of substrate will have influences on both prey and demersal fish distribution, as most species live in a close association with the bottom (ARAÚJO et al. 2006a) .
Balneário Barra do Sul and Penha showed similar trends on CPUE fluctuation except in May, October and December 2007, when these trends were influenced by contributions of dominant species, particularly S. rastrifer, S. brasiliensis, and P. brasiliensis. The higher abundance of S. rastrifer and S. brasiliensis in Balneário Barra do Sul, and their low abundance or absence in Penha during October (spring) and the inversion of the CPUE in December, including the presence of P. brasiliensis, may be related to reproductive aggregation. The latter, is common within scianids (MUNIZ & CHAVES 2008) and results in large numbers of individuals becoming vulnerable to the trawls at once. This observation may be corroborated by the observed noted pulse spawning period in the south between October and December for main species of the Stellifer genus (CHAVES & VENDEL 1997 , ALMEIDA & BRANCO 2002 and during spring and summer for P. brasiliensis , ROBERT et al. 2007 .
On the São Paulo coast, MUTO et al. (2000) showed a significant correlation between water temperature and depth in Sciaenidae distribution, with the greatest abundance of P. brasiliensis and S. rastrifer occurring in warmer (25ºC) and shallow (15-25 m) waters. In Santos bay, GIANNINI & PAIVA-FILHO (1990) reported that S. rastrifer performs seasonal migration, remaining in the outer portion of the bay during the autumn and migrating to the inner portion during the winter, probably due to higher temperatures in shallow waters.
Although our methodology did not allow us to assess the influence of depth on the fish composition, we know that in our data trawls occurred in areas traditionally used by the artisanal fleet with a depth ranging from 5 to 25 m. Considering this information, it is possible that the differences between sites observed in May, when the water temperature is dropping, may be related to the displacement of dominant species among deeper and shallower areas, diverging from what was observed in previous studies (BAIL & BRANCO 2003 , BRANCO & VERANI 2006a for the Penha region.
In regard to CPUE, it is important to call attention to the peak in July (winter) with an important capture of T. lepturus (34.37% in BS and 38.38% in P of monthly capture). The numerical dominance of this species in winter may be related to the presence of juveniles in the shallow continental shelf due to higher food availability (BITTAR et al. 2008) . Among the food items, the occurrence of the fishes from Sciaenidae, Clupeidae and Engraulidae, and the shrimps Xiphopenaeus kroyeri, Pleoticus muelleri (Bate, 1888), and Artemesia longinaris (Bate, 1888) (BITTAR et al. 2008) were both recorded in the study areas (BRANCO & VERANI 2006a, b) .
The fluctuation pattern of the Shannon diversity index across months was distinct in the two fishing regions. According to KREBS (1999) , the Shannon measure increases with the number of species and gives more weight to rare species. In August, Balneário Barra do Sul showed the highest species diversity and evenness throughout the year. The disparate richness between Balneario Barra do Sul (21) and Penha (12) due to the presence of infrequent species, especially from the families Engraulidae, Clupeidae and Stromateidae, and the high participation of P. brasiliensis in Penha (64.42%) were mainly responsible for the differences in the Shannon diversity between fishing regions in August. Other observations were even more sensitive to rare species, as the contributions of P. brasiliensis in September (71.15%) and November (82.06%) and S. rastrifer (71.97%) in January and I. parvipinis in February (62.72%) reflected significant variation in the Shannon index between the sites.
During the year, the diversity index ranged between 1.04 and 1.98 in Balneário Barra do Sul and between 0.74 and 1.80 in Penha. GREENWOOD (1975) argued that there is a gradual increase in species diversity with decreasing latitude. Also, according to ROSENZWEIG (1995) , the highest richness values are generally obtained in the tropical zone. In a study by TISCHER & SANTOS (2001) , the ichthyofauna accompanying a shrimp fishery in the mouth of the São Francisco River (northeastern Brazil) showed an average diversity of 3.20. On the São Paulo coast (southeastern Brazil), PAIVA-FILHO & SCHMIEGELOW (1986) recorded values between 1.64 and 3.07 for Santos Bay, whereas, in São ZOOLOGIA 28 (2): 151-164, April, 2011 Sebastião, MUTO et al. (2000) observed variation between 1.93 and 2.67. In the state of Santa Catarina (southern Brazil), the diversity ranged between 1.11 and 1.97 in seven years of sampling in the Penha region (BRANCO & VERANI 2006a ) and between 1.98 and 2.50 in five years of sampling in the Itajai-Açú river estuary (BRANCO et al. 2009 ). Apparently, the species diversity estimated by the Shannon index decreased with increasing latitude; however, other sources of variation appear to be more important to explain such observations. Differences in diversity values between these studies may be related to the size of the sampled area, seasonality, fishing effort, fishing gear used and degree of anthropogenic influence in the areas.
As observed for diversity, Pielou's evenness index showed the spatiotemporal interaction differing significantly between fish regions in November 2007 and February 2008 due to a high incidence of P. brasiliensis (Penha) and I. parvipinis (Balneário Barra do Sul), respectively. However, the index ranged from moderate to high with averages above 0.5, suggesting an acceptable homogeneity in the distribution of specimens among the species (MAGURRAN 2004) . Pielou evenness is not very sensitive to variations in abundance of rare taxa (BEISEL et al. 2003) . Even in the communities that were studied, in which the number of infrequent species caught was high, the fact that S. rastrifer, S. brasiliensis, P. brasiliensis, I. parvipinnis, T. lepturus and P. harroweri were relatively abundant throughout the study period, and alternated as the most abundant species in the samples, strongly influenced the increase in evenness average recorded for the collected ichthyofauna in Balneário Barra do Sul and in Penha. The Berger-Parker index clearly showed the dominance pattern, where the monthly numeric contribution of a single species ranged from approximately 30 to 80%.
It is important to highlight that the differences in ichthyofaunal structure between fishing grounds were observed 25% of the time (three months), probably due to changes in environmental factors as explained previously. On the other hand, these results enabled us to conclude that the fish assemblages captured as accompanying fauna in artisanal seabob shrimp fisheries was statistically similar in both sites throughout most of the year, even though Balneário Barra do Sul are 35 km away from each other.
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